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Abstract. Jurlssic rocks of the Externll and lntern;rl Zones oi
the Betic Cordillera are rvidespreld in the province of Murcia. lìour rr-
e;rs are considereci of specìal interest for strirtigraphicrrl rnd palconto-
logical anall,sis: e) Sierre Quíprr and b) Sierras Lúg;rr-Corque (Exter-
nal Subbetic), c) Sierra Ricote (Median Subbetic) rrncl d) Sierr;r Espufrr
(Malaguide Complex). The first trvo contaìn Jur;rssìc sections includ-
ing Siner.nurian-Tithoniln deposits, ud m;rjor stratigraphic discontinui-
ties, containine significant cephrlopod concentrarions of t;rphononric
and taxononric interest, occuring in the Lorver-Upper Pliensbachian,
Lorver/Middle Jurassic rnd Middle/Upper Jurassic boundrries. These
rrexs iìre llso relevant for biostraticr;lphical analysis of the Middle-Up-
perJr-rrassic intervrl. In the Sierra de Ricote, the Mahom;r sccrion is cll
especì;rl ìnterest for the study of Lías/Dosger tr;ìnsìtion. C;rs.r Chime-
neas section constitutes the best Subbetic site for the,rnalysìs of tlre
Lower/Upper Bajocian boundarv. In the La Bermej;r-Clsas de Vite rre,r,
the Bajocian-Tithonian interval is well-represented, including e piìr:ìs-
tratotvpe of the Radiolarite Jarropl Formation. I'-inally, the Malv;rriche
section in Sierra Espuúa represenrs the best Jurassic succession of In-
ternal Zones of the Betic Cordìllera and could be considered as ,r refer-
ence section for this Betic Domain. In this paper ;r heritage evalurtion
has been carried out for these classical jurassic sections with the object
of protecting these sites ;rccording to the lesal franreu,ork prevailine in
the province of Murcia.
Riassunto. Le rocce giurassiche della Zona Internl ed Esterna del-
la Cordigliera Betica sono assai diffuse nella provincie di Murcia. Quat-
tro aree sono consider:rte di speciale interesse per I'an;rlisi srratigrxficil
e paleontologica: a) Sierra Quípar e b) Sierras Lúgar-Corque (Subbe-
tico Esterno), c) Sierra Ricote (Subbetico Medio) e d) Sierra E,spuóa
(Conrplesso di Malaguide). Le prime due contenqono sezioni giur.rssi-
che comprendenti depositi del Sinenruriano-Titoniano, e discontinuità
strrtigrrfiche maggiori, che contengono significative concentrilzioni di
cefalopocli di intercsse tlfonomico c rassononrico, e si ritrovirno ai limiti
Plicnsbachiano inferiore-superiore, Giurrssico inferiore/medio e Giu-
rrrssico medio/superiore. Queste lree sono riler',intì ,rnche per I';.rnalisi
biostratìgrlf icri clcll'intervallo Gir-rrirssico medio-superiore. Nella Sierra
de Ricotc, l;r sezione di Mahonra è di particolare interesse per lo studio
dcl passatnio Giur,rssico inferiore/nredio. L;r sez-ione di Ces,r Chìmenels
costituiscc ìl mi{.lior sito del Sr-rbbetico per l'an,rlìsi del linrite Bajocirno
inferiore/superiorc. Nell'lrel cli L:r Bernreja-Cas;.rs de Vite, I'intervrllo
B:rjoci;rno-Tithoniano è ben rappresentato, e comprende un parastra-
totipo clella .Formazìone Radiolarite Jarropa. Infine, la sezione di Mal-
vrriche nella Sicrra Espuna rirppresenta la mìglior successionc gìur,rssi-
cr delle Zone Interne dell;.r Corclìglierl Betice c può essere considerat;r
unì sczione di riferimento per questo Donrinio Betico. In questo lavo-
ro ò st;rta effettuat:r una v;rlutazione dì patrir.nonio per queste classiche
st'z-ioni giurlssiche, con l'obbiettivo di proteerere tali siti secondo il
contcsto l.c.rle pre..rlente nell.r provinci.r di Murci.r.
Introduction
Jurassic outcrops are widely represented in different
areas of the province of Murcia, especially in its central
and northern sectors. Since the first half of the 2O'r' Cen-
tur)', Jurassic outcrops of Murcia have been considered by
many European seologists (mainly French, German and
Dutch), as being of special interest for the study of the
Alpine Cordilleras. Geologically, the Jurassic of Murcia
belongs to the eastern sector of the Betic Cordillera (Fig.
1). These outcrops include the Internal Zones (Malaguide
Complex) and especially the External Zones (Subbetic and
Prebetic). Many outcrops are cle:'rrly exposed displaying
abundant and well-preserved fossil assemblages, especially
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ammonites and belemnites. Among the many Jurxssic out-
crops of great geolosical interest in the province of Mur-
cia, we have selected only four areas, which we consider
the most interesting sites from a stratigraphical and pale-
ontological standpoint. These areas belone to the Sierra
Quípar and Sierras Lúgar-Corque (External Subbetic), Si-
erra Ricote (Median Subbetic), and the Malvariche area in
Sierra Espufra (Malaguide Complex, Internal Zones).
The only law applicable to the paleontological out-
crops in the province of Murcia is that referring to sites of
Good Cultural Interest (GCI), as inciuded in the Histori-
cal Heritage Law of 1985. But this figure of GCI does not
adjust to the patrimonial characteristics of the different
paleontological sites. In order to improve the present situ-
ation, the Heritage Service of the Cultural Department of
the Autonomous Comnlunity of Murcia is carryinq out a
research project in collaboration with the University of
Murcia to benefit its palaeontological heritage (Mancheno
& Romero 20001 Iniesta & Ronrero 200 1).
The studied areas
The External and Internal Zones of the Betic Cor-
dillera, with their corresponding paleogeographical do-
mains, are extensively exposed in the province of Murcia.
From a stratieraphic and paleontological point of view,
the areas of greatest potential interest are the External
and Median Subbetic and the Malíguide Complex in the
Internal Zones. Beloq we describe some of thc sections
of greatest interest in these areas:
The Sierra de Quípar Section (External Subbetic)
The Sierr;r de Quípar outcrop (Fig. l) is locrtcd southn'est oi
Cehegín in the Lonr;r Solana Unit (Paquet 1969), x'hich belonl;s to
the External Subbetic (Rev 1993; Crìrxcuel 1996). The nrosr irlport.rnt
rvorks on the ere,r are rhose of Barthel et al. 11966) in the Mai-Vel-
era sector (biostratigraphv oî;rrrnronitcs lnd cllpionellicls), V.rn Veen
(11966. 1969). s'ho clelined thc' Tollo Fonr;rtion (2 I 0 nr oi thickncss in
thc str;rtotvpc, UppcrJur,rssic-l-os'er Berrilsi;.rn) and Rcr'(199.1). Ceeì
(1923) de fined the M.rinron Fonlrrtion of tlre A,rlcnirn-Uppcr Titho-
nir.rn age. Sr,rbsequentlr', Scvfricd (1978, 198 l)stuclìecl the cotrclensecl
Anrnronitico Rosso î;rcies,rnd otlrers of Jurlssic age irr thc;rrovincc of
Murci,r. The nrost rclevlnt p;rleontologic;rl studics;rrc thosc of Allcnr;rn
ct al. (1975) .rncl Enar'& Ccvsant (1975), r'ho stucliecl thc c,rìpioncì-
lids rnd thc ,rnrrronitcs ,rcross thc Jur:rssic-Cret.rceous b()unrlitr\: Milr-
sold (1979) partialìr' dcscribcd thc Middlc Jurrssic series oî thc Sierr,r
cle Quíprr, recognisinr: the Middle/Uppcr lì;tthoni;rn. Sendov;rl (l9fÌ3)
studiccl ;rnnronitcs oi the B,r jocì,rrr/B.rtìron irrn rrrrcl establishecl thc' bio-
strrtignphv levcl lrv level in slnrplecì scctions oi thc Sicrr:r clc Quíprr
rnd Cer"ro Mai V.rlc'ra. Tlvcre (1985) studiccl thrce scctions of thc Up-
pcr Tithoni;rn (Tr;rnsitorius rnd Simplisphirrctes? zones) ;tncl Berrir.tsian
(J:rcobi, Andrusson'i .rnd Boissieri zones).
Although Jur';rssic mate ri,rls rlngc lronr the Sirterrrttri.rn rgc
(lìnrestoncs of rhe Gevilin Iinr.) to the Tithoni;rn surf;rce in the Si-
erra de Quíp;rr, onlv thc Middlc rnd UpperJurrssic cìisplav spccrel in-
tcrest fronr I strrtigr;lphic and p,rlcontologic,rl point of vier' (llig. 2).
The outcnrps of tlris,rgc show rr virriecl lithologr'. excellenth.defined
strrtigraph\, ;rnd ln abundlnt ,rncl u cll prcscrve cl iossil contetrt ,rtrong
other fe;ìtures, u'hich nrakcs rhis ;rrc;r one ol the most intet'esting in thc
Jur,rssic of rhc Ilctic Corcljllera (Pl. IA).
In the Sicrrr cle Quípar, the MiddleJuressic is linrirccl lroth rrt thc
b,rsc rnd top bv stratigruphic discontinuities, relatecl to conclensecl levels
s'ith substanti;rl concentrrrtions oi nr,rcrofossils, cspcci;rìlr',urtlonjtes
;rnd belenrnites. Associrtc'd to thc lou'cr cliscontinuitr', the bouncl;rrt'
betl'ccrr rhc Zcgrí;rnd Velet,r lìn.rs., there is:r cljscontinuous ìaver (0-50
cnr) ri ith liln.ìinrr concentrltions lncì ,rbuncl,rnt concrctions oÎ Irc-Mn
oxides. This Iar.er;rlso cont,rins rrbuncllnt nriìcrofossils, especirlly orien-
trrtcd bclcmnitcs ,rnd ,r:.ttr.ttoniter r.tn3in'; itr .rgc' frorn tìre Uppcr To;rr-
cirn to thc Lol,cr Brjoci;rn. C)r'er this icrrugjnous crì,rst.ìppe:ìr nr;rterirrls
fronr thc' Upper Ba joci.rn: rr) nvo leveìs (50-60 cnr) of violct or vellol'ish
noclul,rr linresroncs shot'ing conclensrrtion,rntl ,rbunthnt fossil contcnt
(,rmnronoicls, bc-lc-mnoids, brrchiopocls, bivlh'es, t:rstropods, !-tc.) bc-
longing to the Niortense Zont': b) 2.5 m of violct nrrrrls l ith thin irrter-
crrlations oi pertiallv nodulirr nrlrlr'-linrcstorrcs. c) -t.5 nr of grcv nr,rrlr'-
linrestones irnd lirìlestoÍìes u,ith chcrt noclulcs rnd cl) rrpproxinr;rtelr'5 nr
of recl:r:rrls;ind nodul;rr linrcstones. Thesc three interr';rls corltrin Lrtc'
Ba jocian lmrronoicls (Grrrn tirrnrr irncl P.rrlii nsorri zoncs)
Thc tlrickne ss of the Bathoni.rn scclinrcnts is :rpprorirttrrtclr' 8
nr, lnd the indir.idull thickness oî the beds rilnses L)etwccn 5:rncl 90
A - l'.rrtirl vicl'ol tlre Sicrr.r cle Quíp.rl section.
Crsrs clc Vitc scction. Midclle rncl Uppcr Junssic




ll - P.rrti.tl r ies of thc Sic'rrr clc l-úg:rr scctiorr (Oxfordirn linrcstoncs). C - P;rrtial r.ie s of the
(C.rllovirn-Oriorrlirrn) rcci siliccous nodul,rr linrcstoncs (T;rrrop;r irnr.). D - Partiri r'ìc-l of the
cnr. Lorvcr llrrthonirrn is rcprcscntctl Lrr' 5 nr oi violcr or rctl nr,rrìs ,rrr.l
noclular nr;rrlr'-linrcsroncs. llcd noclul.tr lirlcstones (iorìrinrrtc thc llf icl-
rile Brthonirn nr;.rtc.ri.tls (.ì nt). Mrrcrofossils rrrc b.tsic.rlll rcprcscrrrcrl
bv rrnrronitrs, pror itlinq r rlurrble ci;rrr ior biostr.rtignphr: 1'hc Zigzrrg,
Aurigcrus (l-ol cr lì;ttìroniJn), Sofirnus, Cosrrrus (l\liddle Brtìtonirn)
zone s rrrc re cogrrrzccl. No Uppe r lJrrthonirrrr nlilte riitls rr crc rcgistcrctl.
Brrthorrirn roclis cncl in rrrr intrr-Brtìronìrrr mpturc ch.rrrctcrise.l bv
svnsc'ciirlcr.ttrtrv lrrrcturcs \\'itì1 ncptun;itn clvlies. rr,rinlv N-S,.rssocirtetl
to ;r nrr,rltiplc l.rlcrcrl (four ìe vcls) crust l ith Irc .rntl lVlrr nrine r.rìs .rnd
f;runrr (unconrplctccl .rrrrrronitcs,rncl oricntrtctl bclcnrnitcs) rncl notlu-
l,rr concrctions of Iìc-l\'lg ("srruif-bor" tvpc srnlctLrrcs).
Crrllovi.rrr sctlinrcrts rrrc sc.rrccìr rcprcscntcd in Sierrr tlc Quíp.rr.
uhcrc thrv corrstitute.t cliscontinuotrs bcd ol r iel ccrrtrntetrcs (rrs-
soci;rtctl to thc previous Ievcls) r'itìr rrbuncl.lrt Iìc-l\ln rncl rrnrnronitcs
oiten ncrinrorphiscd. Antntonirr zones oi lJull.rtus?, (irrcilis rnd An-
ceps ciìr1 be recognisccl.
Orkrrtlirrn lcvcls bcgin u itìr rroclul.rr-nrrrh linrcsroncs l ith occ.r-
sion:ri slunrps (rrortlrl rrrtl dirccrion) ,rnd irrtr,riìrrrl.rtionrl brcccirs (pcb-
blr'-nrudstones) ;rbove. Sinril.rr tciìtures h,tlc beert rccogniscrl tosrrcls
thc uppcr p.rrt oi thc Piìturiìtte nsis Zone .rncl .tt thc bJse oî the Bintrrnt-
nlirtLull Zonc. During thc re st of thc Uppe r Orforrli.rn rrncl l-ol cr Kirl-
nrcricigi.rn tìle crìrborìiìtc(l c]r,rr,rctcr incrrrrscs to\\'itrds tìrc Stronrbcclii
Zonc. Abovc tìris, rcd Anrnronítico lì,osso scrlinrentrtion bcgins rrgr.rin
to rcrrch tìricìi b.rrrks (13- l'+ nr) in thc Albcrtirrunr/l);rrs ini zoncs. The
rest ol tìrc Vcrruciicrunr Zonc is nrrdc up of nrrrlv Anrnronítico Rosso
hcies, s hrch mpicllv tr-rrn to nrrssivc crrlcrrre ous u,itlr .r pse uclonorlulrrr
rppcrrf,ncc in thc Iìr,rrckhl'tlticcrrrs rr;rd l-ou'cr Tllnsitorius zoncs (23-25
tr). Sonrc lcvels hrvc nocìul;rr tops .rrrcl rerlucccl nodulrr nrrr]r'linrestonc
intcrberis. l hich bccorre rrorc i:rrportrrrrt tou;rrcls thc uppcr prrt ol the
succcssion. Abovc, thc successiorr cxp,rnrls with l0-15 nr of linrcstonc-
lrvers r ith top slunrps rnrl lO nr of nrlrh linrcstonc rhvthnrite irr con-
trtct u ith rhc lO-10 nt of nt,rssive linrcstoncs or recl rrncl grct' brcccils
(Crrlr'.rc.r Rctl Menrber). In thc top oi thrs lrrsr nrenrbcr l-l nr thicl<
scqucnccs rppcir. thickin!a upl.rrcl rncl lcrv rich in crinoitls, îornring :r
bou ntlrrrv u i tìr thc Crrretcro Iìrl. (Vrlrrr gin irn-Hirtì rer;\'i:ìn).
The Sierras de [.úger xnd Corque Sections (External Sub-
beti c)
'l'lrc Sicrns tlc Lúgrrrnd Cortluc (liig. l) rre locrrtecl in thc NW
rrncl \\1 oi lìrrtun.r .rt the ucstsidc of tlrc provirrce'oi Murcirr. Gcologi-
c;rlh. thcv lie in thc ciìstcnl piìrt ol the Externrl Subbctic,.ìn(i prc\crìr
rl lVliddlc/Uppe r Jur.rssic scrics s'ith r dcgrcc of exposurc rntl strutifi-
c:ìti()n thilt hcilirrtcs dctrilcd sturlic's (Fig..j). lìrllot (19.3 1-3+, 19.+5)
nrrtlr the iìrst strrtigraphic lncl tcctonic considc.r;rrions. Subscquent-
lr', Azc;nr;r (1966) rssigne d thc Corclue ;rncl Lúg.tr Sicrrls to thc l c,st-
ern Prcbctic. The' strrtirrephic succcssion, r'hich is onlv visitrle in thc
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southern flank of the Sierra clel Corque, is of Lías-Lorver Cret,tceous
age. The Corque successìon is detriled in Azénrr (1921) ;rncl Azém;r
et af. (1921). There ;Lre abundant anrnronites (Aspidoter"tt gr. alrcreri.se,
A. tr. circutrtspinosunt, Dicbotontocerds gr. bifurc,ttus, Epipeltoceras lúi.
trepteilse, Gregot1,1gya5 sp. anc{ indetcrmìnite pcrisplrincticls) front thc'
Middle ancl Uppc'r Oxforcli;rn.
Seylricd (1928) described 78 nr of the Micldle/UpperJurassic
successior.ì in the Sierra de Lúgar, recognisin[] ;r reseclinrentccl brecci;r
(ler,el 5) t,ith rnruronites of the Toarcian/Lower B;rjocì;rn irge. The srìr)lc
ilLlthor rìttributed the follon ine secrions (levels 6rr, 6b ancl 6c) of linre-
stones l'ith chcrt, lanrin;rtecl lirlestones lncl nt,rrls, parti,rllt'noclullr
r.narlv linrestones and noclul:rr linlL.stones, to the Upper Bajocian/Middle
Bathonirn, r.hile the followins level (;r lìmonitic crust, lo'el Z) r'ould
correspond to thc Clllovi;rn. The Upper Jurrìssìc beÍlins l ith :r section
(leve l 8) of red, nrlrlr. noclulrrr Iimcstones lronr the Upper Clllovi,rn to
the Upper Oxforclian (Planr.rla Zone). Levc'ls 9a, 9b end 9c rre lS nr of
nodulrr linrestones s,hich precc,de the l;rcies rerloved fronr thc top of
the succession c'xposed in sector 9d, s'hich ;rre consideled chlrlcteris-
tic of the "tvpe C series" of the Subbetic (northem Extern;rl Sr-rbbetic
sensn Avrrla et al. 1988).
M;rngolcl (1929) analvsed the biostmtigrirphy ot the Bathonirn
ìn ts,o sections of the Sierrl de Lúgar, l,hile Sandovll (1990) consid-
ered tì.re sectior.ì of tlre Sicrra de I-úgar;rntong the ntost ch.tr;tcteristic
for the Brjocirn of the L.rrernal Subbetìc. Chece El Sequeiros (1990)
presented l cletailecl stuclv of the b;rsal I l5 cnr of the Uppcr Jurassic
section of Corque, referring,rr.r.nonite lssocirrtions n,ith Peltontorphites.
Pe lt o cer,tt o i d e s, P't r,ti;' e tl e k i n d i a. E t n s p i d o c er,ts btb e,u r u ttt, C re n i c ert s.
Neoc"ttnpl,lites, Prosospltinctes. and Pseudogregorl,cerzs, l'lrich characrer-
ise the Renggeri and Atletoidcs zones of rhe Lol,er Oxfordiln. Nicto
(1997) dcfinecl thc Lútar'-Corclue Unit rnd incluclecl the Middlc/Upper
Jur;rssic of this unit in tl.re Velet;r and Upper Amrronìtico Rosso Fnrs.
clefinecì in thc centnl p;rrt of the Betic Corclìllera. Srndoval (1998)
;rnd Osete et rl. (2000) studied the Bajocìan/l3rthonirn bouncl:rrf in
the Betìc Cordiller:r lncl considerecl the Sierrl cle Lú{Ìrr ls,r reference
for this boundar)'in the Medìterrlnean donrlin. Ciìr;rcuel et al. (1999,
2000) carrieci out pirleontÒlosicll detailed str"rdies rvith anrmonites in the
Oxfordian of the Sìerra cle Lúger (Pl. IB). Thc rest o1-the succession,
in facìc's of morc conrp;lct nodr.rhr linrestorres ;rnd grey-green nrlssive
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Iirrrcstones, ilre poorer in nracrofaun:r (Mesosimoceras sp. of the Mid-
clle Kinrnreridgi;rn).
I:r this lre,r,:rs ìn the Sierrl de Quípirr, Bajocian sediments are
l,ell reprcsentc.d, ;rlthoLrgh irúporurnt str;rtigr;rphical gaps occur in the
Lirs/Dosser rncl Los'er/Upper B:rjocian boundaries. In the base, over-
l)ìrrg;.1 decinretre conclc'nsecl irnd brecciatc'd level rvith rervorked Upper
Tol::ciiu to Lorver B;.rjocìan lnrmonires, the following succession oc-
curs: ;r) l0-12 nr of s.ell bedded grey rrricritic linrestones, locally with
cìrcrt nodr:les, ri,hich encl in l nuclelrly mirrked discontinuity; b) 8 m
of urey nrlrls;rnd rlarl)-limestones rvith chert nodules, in which trace
[osstls (Zoopb1,cos, Thttl"tssinoirles, and Cbondrites) are locally abun-
dlnt; the bed thickness ranges berween 20 and 100 cm; c) 3 m of grey
to pìnhìsh nodullr limestones wìth bed thickness ranging between l5
crr rnd 1.20 m, and d) 3 m of yellorvish-red r.nrrls, nodularmarly-lime-
stoncs:rnd red noduhr lir.nestones nhere bed thickness varies fron 10
to 50 cnr. Abund;rnt ;rnd diversified :rnrmonites, especially in the Am-
nronitico Rosso frcies, allow the recosnition of the standard Mediter-
ranean zones of Discites, Propìnqulns, Humphriesianurl, Niortense,
Glrantilna irnd Parkinsoni.
The thickness of the Bathonian sediments is approximately 10
nr, iìlthough the individual thickness of the beds varies between 5 and
90 cnr. Violet-yellon ish or red nrlrls rnd nodular m,rrly-limestones pre-
clonrinate in thc Lou'er Bathonian (8 n), rvhereas red nodular limestones
(Anrmonitico Rosso) dominate the Middle and the Upper Bathonian
sedinrents (2 nr). Anrnronites, rmong which typically Mediterranean
pìrvlloceretids fundlmentally represent the macrofossìls and lytocera-
tids, predornin;rte. Horvever, the anrr.nonitids are also common, provid-
ing significant deta for biostratiqraphical rnalysis. Zigzag, Aurigerus
(Lower Brthonian), Sofanus, Costatus (Middle Bathoni:rn) and Aspi-
doides? (Upper Bathonian) zones are clearly distinguished.
Callovian sediments ;rre sclrcely represented in the Sierras de
Corque;rnd Lúgar, n'hich thichness riìnfles fronl a few centìnretres to
I nr (Fe-Mn crust). The litholoey consists of red, sometinres nodular
linrestones with ,rbundant Fe-Mn concretions, sometìmes containing
amnronites. The lrr.nonìte zones of Bullatus, Gracilis, Anceps, Coro-
niìtlrnì? înd Athleta can be recognised. Major or minor stratigraphic
discontinuities and elps occur in the Upper Bathonian/Lower Callo-
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As regards the Upper Jurassic, as for the Middle Jurassic, both
stratigraphic sections, which are geographically very close, possess a very
similar succession to that of the Sierra de Quípar. At the base there is a
first section of marly limestones of an intense red colour (10 m) with
abundant fauna, which characterises the zones from the Lower Oxford-
ian to the basal Kimmeridgian (Paturattensis-Platynota). Above this,
there is a transition to some strong levels (50 cm), in which the nodu-
larity is lost. Besides Cbondrites and Thalassinoides,which occur in the
rest of the section, traces of Arenicolites cr,n be seen in these levels. The
following 12 m consists of nodular facies with carbonated banks. No
significant fauna have been identified in the following 7 m. There are
solid banks, sometimes more than 1 m thick, amalgamated, nodulrr-
looking and without interlevels. The well-exposed section clearly shows
gentle lap-out towards the north and occasionally srrong interruptions
of the strata towards the south.
The rest of the succession (16-17 m) is again nodular; although
varied lithofacies follow each other with breccias, marly, nodular Ievels
and even marls. The succession is abruptly interrupted at the top by an
erosive megabreccia which enters at least 3 m and which includes rocks
of variable size and individual levels or fragments of the succession it-
self, folded and included in the remobilization. The biostratigraphic
study with the calpionellids being more conclusive than the ammonites
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in this case reveals the little importance of the associated hiatus ("Doli-
phornris" Subzone and part of the Alpine Zone).
The Sierra de Ricote Section (Median Subbetic)
The Sierra de Ricote is situated in the central part of the province
of Murcia (Fig. 1). Geologically, it consritutes rhe mosr eastern outcrop
of the Median Subbetic, in which domain Fallot (1931-1934, 1,945) in-
cluded it. Subsequently, the Sierra has been the ob.ject of several studies,
some of thenr monographic such as those of Rios & Almela (1953) and
Almela & Rios (1954), in which the authors analysed its stratigraphy
and tectonics, referring several ammonites from the Jurassic. Paquet
(1969) differentiated three superimposed tecto-sedimentary units, from
internal to exîernal and from lower to the upper being, La Mezquita,
La Garita and La Bermeja. In his study of the Jurassic of Murcia, Sey-
fried (1978) considered the type section ofthe Sierra de Ricote (series
of the La Bermeja Unit) as the most representarive of the type E sec-
tions that can be included in the Median Subbetic. In the Jurassic of
the Sierra de Ricote, Nieto (1997) differentiated the Gavilín (Lower
Lías), Zegrí (Toarcian-Aalenian), Veleta (Bajocian-Barhonian), and Mi-
lanos (UpperJurassic) Fms., along with a radiolaritic sequence rhar he
attributed to the Callovian-Oxfordian. Furthermore, the same author
defined the Ricote Fm. by the oolitic lirnestones of the Lower Bajo-
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cian of the southern part of the Lri Bermejl Unir. O'Doghertl' et al.
(1989a, 1989b) studied some sìlìceous sequences of the Jur:rssic of thc
northern part of the sierr,r and O'Dogherty et il. (1997) considerecl the
radiolaritic series of Cls;rs de Vite, previously ;rn;rlysecl by B:runrsarrncr
(1982), as one of the pîriìstratorypes of the Radiolaritic Jiìrrop;ì Fnl.
O'Dogherty et al. (2001) also analysed some tecto-sedin.ìenri.u'y evenrs
of the Middle Jurassic of the Bernreja Unit.
Colom (1996) studied the calpìonellids of the northern part of
the sierra and ìdentified severiìl new species. Subsequently, Linarcs &
Sandoval (1978) studied the amr.nonites of the B;rjocì;rn in three sections
of the Berrrreja Unit and discovered one ner. species, Spirocerts ricotett
sis. Sandoval (1983, 1990) included some secrions of La Bernreja Unit in
their studies of the MiddleJurassic of the Subbetic. Linrres 
"k Sandoval(1993), García-Gótnezer rl. (1994) and S;rndor,:rl et rl. (2001) consìdered
the Mahoma series in the southern part of the unit ;rs a reference series
for the Lias/Dogger boundary in the Mediterrane;.Ln Domarn.
Jurassic sections of Sierra Ricote (Fìg. -t) include Sinenrurirn-
Tithonian sedinrents, n'hich occup)'the greatest p;rrt of its extent (Ser-
fried I 928), althoush only trvo snrlll arers arc here considered for thcir
special interest: Cerro dc Mahorra-Cas;r de Chintene,rs, lnd L;r Ber:lej:r-
Casas de Vite. Cerro M;rhonra is located in the southern part of thc L,r
Bern.reja Unit. Here the Tolrcian-Bljocian interval is well represented
and the :rnrnronites ;rre ;rbundant, represenrltive and rvell presened.
This arer is sr,ritable for studyine the Toarcian/Aaleniln interval (S;rn-
doval 1983; Linares Ei Sandoval 1993, Garcí;r-Gónrez et:rl. 199.{, San-
doval et al. 2001). Likes,ise, rhe type series of the Ricote Fornrrrtion is
here exposecl (Nieto 1997).
In the M;rhonra section, the Middle To;rrci;rn (Bìfrons Zone)/
B:.rjoci,rn intcrval includes iì secrion of great interest fronr.ì srrrri-
graphicll lnd plleontolosic;.rl surndpoint. The follou,in{Ì ler.els crn be
seprrrted: l2-13 nr of nr;rrly Anrnronitico Rosso, in thc upper parr
of which thin interc;rlations of linrestones or Ìllrrly-lirrestones occur;
the ;rbundlnt ;rnd diverse anrmonites correspond to the Bifrons (Mid-
dle Toarcian) and Gr;rdata (earlv Uppcr Toarcian) zones. Overlving ;r
snrall str;rtigrlphic discontinuitl. lnd hiirtus, 2O nr of urey-rvhite nr;rrls
with decinretre nrarly-linrestones interc;rl;rtions, in u,hich Upper Toar-
ci:rn rìÌnnronites (Reynesi Zone) re conlnlon. Approxintltelr' 55 nr of
predominantly ncll bedded resuliìr ahen.ìations of pellric srev nrlrls,
mirrìy-linrestones;rnd lìnrestones rvith spor;.rdic chert nodules, in bccls
of 20 to 70 cnr thickness. Trace fossils, Cltondrites and Zoopltl,cos, can
be locally conln.ìon. Anrnronites, ven'lbundant in sonre levels, allos,;r
fine biostratìsraphic study; uppernìost, To;rrcian lncl Allenìln stand-
ard:urnronite zones;rncl subz-ones àre recounised.2-3 nr of intrllor-
mational breccìas tnd fine-r:r;rined turbidites occur in the Lon'erntost
Bljociln. 4-5 nr of sr-rbvolc;rnic rocks irre also present overlying thc brc-
G. Romero, J. Sandoital, J. Caracuel k M. A. Mancheiio
Fi.,5 Geologic,rl schenre of the
Sierrir Espul;r (modified from
Carrcuel et al.2001).
ccias. 65-20 nr of oolitic linrestor.rcs, m;rrls ancl nrlrly-linrestones of the
Ricote Fnr. (Nieto l99Z).
The C;rs;r Chinrene,rs section is loc;rted in the NV p;rrt of tl.re
L;r Benrej;r Unit. In this ;rre;r the Lorver/Upper Bajocirn rrrnsirion
consists of ;rpproxinr;rtely lO0 nr oi srey to rvhite nrarls, mrrly-lime-
stones rncl limestones, rvhich sonretinres contain nrore or less irregular
chert noclules. Generlllv c;rlclrcous beds vary frorr 5 to 60 cm thick-
ness, whereas some nr;rrl beds crrn surp;rss 250 cnr. In the lower part
of the section, marll' beds cle;rrlv clontìn:rte over nt;rrly-limcstones and
limestones, lnd chert nodules;1[e ver-y scarce. In the intcrnrediate in-
tervll, jr:st belorv the uppernlost Lon,er Bajoci;rn, cllcereous beds may
prcdor'ìlir.r;lte lnd chert nodules ;ìre corì.ì1lron. I.'inally, in the Upper Be-
jociln (Niortcnse Zone) terrìgenous sedirrents, are clerrrly dominant.
Anrmonite-f:runr, very divcrsificd and rel;.rtively s,ell preserved, allow
a fine biostr;rtigraphic stucl;,, lncl conscquently this section can be se-
lected ls a possible reference for the Lower/B;rjoci;.rn boundary in the
Betic Donrain lncl in the western Mediterrlneln.
The Middle-Upper Jur;rssic of the norrhern sector of the La
Bernreja LJnit presents excellent ourcropsr including ;1 parrsrrarotype
of theJ;rrropr.r Radiolaritc Fnr. in the C;rsrs de Vire sectìon (Pl. IC).In
thìs sector, the J;rrrop;r Fm. is linrited in its lorver p;rrt by Brthonian-
Callor,ian red silìceous nodul;rr limesrones, and is overlying by the lime-
stones ;rnd siliceous marlv rhythnrite of the Mil;rnos Fnr. In this section,
the lorver nrenrber of the J;rrropa Fnr., sreen rldiol;rrites lnd siliceous
nrrrls, is rìpproxilll:Ìtel),2 nr thick. The upper nrember, siliceous cl;rys
,rnd r.narls with thin r;rdiollrite intercrrlarions, do not surpass 20 m in
thickness (O'Doghertv et al. 1997).
The Sierra Espuffa Section (Malaguide Cornplex)
The section ;rn;rlysed ìn Sierrl Espr"rna belones to the Mal;rguide
Donr;rin, rr conrplex of non-nret,rnrorphic layers of the Internal Betic
Zones (liig. l). T\r,o tectonic units hl'c bccn defined ìn Sìerr,r Espui;r,
(M;trtín-Martín & M:rrtín-Als;trra 1997): the Morrón de Totln:r Unit
(Lrpper) and tlre Peronl Unit (lower). The first one presents ;r strons:rnd
courplete succcssion fronr tlre Paleozoic to thc Tertiary. The Malvariche
sectiorr is loc,rted ncxr to;r l'oodl;rnd path, which flvours the exposure
of the Jurrssic nr.rteri.rls of the Morrón dc Totrna Unit (Fig. 5). The
good qualitv of the outcrop, rvith verv little tectonic clistortìon, and the
presence of several fossil-bearing levels in thc section nr;rkc'this r refer-
encc' section for thc Jur;rssìc of the Malaguide Donrrin (Pl. ID).
Irrllot ( I 945), Peyre Ei Pe1.re ( I 960), Nav;rrro ct Tri gLreros ( I 963 )
rrncl Gever & Hinkelbein (1971, 1974) nr;rdc the first studies on the
Jur;rssic of Sie'rr,i Espr,rn;r. These;ruthors provided detrils on the fossil-
berring lc'vel of Donreri;rn ìgc xssoci;ìted to Fe ntinerllis:rtions in the
Prrdo Miìyor lnd Morrón cle Alh,rnra sections. Paqr.ret (1969) rlade l
svnthcric studv of the Julassic of Sicrr.r Espuùi1 rfter studving the Prlclo
M;rvor section. The srnrc iìuthor irnrlvsed the lcve l fxrrn thc Dorlcri.rn
;rge.rncl;rssignccl ;rn r,rpper section of nr;rrlv lirlestonr's to the Dosscr
b.rserl on tlre prcscncc oÍ Cancellopln'cls, lrtributinq rrn upper section of
noclul.rr linrestoncs t() the M,rlm. Krnrpchuur ct ,rl. ( l9Z-{) rccognised
thc'prcsence of filrrnrents in the section thlt Prrcluet h,rd assigned to the
Doggcr. Subscrlucntlr', Scvf ried ( l9llì) studie d the Pracio M;rvor section
;rncl :rssignecl it to the Mir'lcllc Donrcri.rn, B.rjociln.rncl Oxfordien bascd
on thc;ulìÌr()nirc;rssoci;.rtions. Finrllr', Clr;rcucl ct rl. (2001) nrlcle ,r cle-
t;rilccl str;rtigr.rprhic str,rdv of the M:rlvrrriclle sccrion.
Thc succe ssion of thc Jur,rssic in the Mrh,rriclìc iìrer colìrpri\es
morc tlr;rn 300 nr of oolitic linrestoncs n'ith pe llets, nr:rrlstones lncl cll-
cirrc()rrs noduliìl'lirnestoncs. Thcsc;rr-c r.xposcd sublrorizont;rllv in the
lolcr:tre,t:rncl stronglv clipping to thc NW in thc uppcr sccti()n.
Thc first sc'ction (lì0 nr) is conrposecl of oolitic linrcstones s,ith
fevcls rich irr oncolites, cchirroids rrnd flcics *'ìrh Litltiotis, *,hich nrclns
thrrt thc blsc rrltcrn:rtes with nr.rssive linrestor.rcs trrclition,rlly consicl-
erc'cl Infr.r-l-i,rs. llcnvccn tìO rnd 100 nr therc,rre oolitic linrestoncs ri'ith
crinoicls .rncl s;rndv levcls rvith r;rstropods, bivrlves, Litltiotis rrnd sonre
inclctcrnrinltc iìnrllon()icìs. At I |0-12.{ nl thcrc is ,r seconcl scction
l ith s.rntìs, s'lrich in its lou er pil'ts c()ntirins lirrse oolites rnd pisolitcs
(10 cnr) r'ith iìnìnl()nitcs Iro:r the lo\\'er piìrt of thc Middle Donteri:rn
(Argovi.ìnunr Zonc, R,rg,rzzonii Subzonc). Bctl,e cn l2.l ancl I 50 nr, the
linrcstones l'ith crinoicls in thick blnks iìlterniìte with linrcsroncs s ith
chert. At 150-1.t9 nr irrcics riclr in fil;tnre'nts occur, probabh'front the
Middlc Jurrssic, in scqucrrce s contiìining crinoicls in thc lou,cr p;rrt ;rnd
prrtgrcssivclv rrrorc chert tollrrls thc' finll pirt. A levcl of resetlinren-
trrtion rrnd conclcns;rtion of faun:r ;tppe;rrs tos rrrcls 2+9 rì1, pcrntitting
thc tcrnrinrrl prrrt to be d,rtccl ;rs l.orvcr C,rlkrvi;rn (P:itina Zone, Sccluci-
ros I97.t). lJoth .rt the top of this lo'el and.ìt the bìse of thc ovcrlving
nr;rrlv lirrrestoncs Globuligarind:rrc.rbuncl:rnt, pernlìtting to rttribute
it to thc Crrllor'ìrrn-Oxiorcli;rn.
Thc UppcrJurussic bcgins uith rhickcning upl;rrd nrc'tric se-
quenccs of linrcstones ;rncl nr;rrlv lirrestones n ith no rppirent nrrrcro-
f;runa, uhich rrftcr 257 nr beconre thickening upl',rrd. At lbout 26J nr
;.tppcrr levels tlr.rt inclutle rr thc top iragmcntctl;rnd rcseclinrentccl lnr-
nronircs fronr the ternrinal Kinrnrcriclgi:rn (Bcckeri Zonc). Finalh. thc
Uppe r Tithonirn is constituted ol strons c;rrbonrted brrnks of nodular
;rppcar;rnce with crlpioncllids.
Geological and paleontological evaluation
The Jurassic heritase of the areas considered in this
work is of great interc'st fronr manv points of view. First-
ly, thc exceptional conditions in which the outcrops are
exposcd, free of tectonic disturbancc to conlplicatc their
stLld)', to rvhich nrust be added the outstanding vrrlue of
the lrrndsc;rpe. For this reason the lreirs h,rve been the
sites of nlany seolosicarl studies since the exrliest part of
the trventicth centurr'. Furth ern-rorc, sever;ìl form:rtions
hirvc been fornr,rlly defined fron.r thc Jurrrssic materials
found in thc Quípar and Corque-Lúsar areas: the Tollo
Fnr. (Van Vecn 1966) and the Mainron Fm. (Geel l923),
for exirnrplc.
Of special intercst is the rich pirleontological her-
it:r{c represented b1, these condensed n.raterials in An.r-
nlonitico Rosso fircies, especially of sor.ne fossil uroups
such e1s :-ullnronites, rs well as of other nl:lrine inverte-
br:rtcs inclr.rdins belemnites, biv,rlves, brirchiopods or
crinoids. In sonre lcvels, likc those, which erppear in the
concentr;ìtions linkcd to the Lorver/Middle Jurassic itnd
Middle/Uppcr Jurirssic, they show exceptionall states of
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preservation with shell epigenized or neomorphised to
ferric nrinerals.
The fossil concentrations and Fe-Mn concretions
associated with the stratigraphic discontinuities, which
have been deteriorated in many cases through the ac-
tion of collectors, favour taphonomic studies (Sandoval
& Checa 2OO1; Checa & Sandoval 2002).
The heritaee value of the Sierra de Ricote lies in its
good outcrop and stratification conditions, which have
provided excellent biochronological results. In this area
the Ricote Fnr. has been defined and the reference par-
astratotype of the Radiolaritic Jarropa Fm. has been pro-
posed. The Cerro Mahoma and Casa Chimeneas sections
are references for the biostratigraphy of the Toarcian/
Aalenian and Lower/Upper Bajocian boundaries in the
Betic Cordillera and in the domain of the \Western Medi-
terranean. The fossil content of ammonites, radiolarians,
calpionellids, etc. is of great stratigraphic, paleontologi-
cal and paleobioeeoeraphical interest. The holotypes and
different paratypes of two ammonoids species, Spirocer-
ds ricotensis (Linares Er Sandoval 1978) and Polyplectites
psilacanthoides (Sandoval 1983), and some paratypes of
Sp i n anmt at o c erd s s cb i n d ezo o lfi (Linar es & Sandoval 1 9 8 6)
are found in the Middle Jurassic of the Casa Chimeneas
section.
Sierra Espuna and, especially, the Malvariche sec-
tion present privileged conditions for the study of the
Jurassic in the Internal Zones of the Betic Cordillera. In
this donrain the records of Jurassic ammonite associa-
tions has been scarce, discontinuous and always restricted
to the upper, non-metamorphic layers of the Malaguide
Dominion. In the Malvariche section three levels (Middle
Domerian: Argovianum Zone and Ragazzonii Subzone;
Lower Callovian: Pítina Zone a,nd Upper Kimmeridgian:
Beckeri Zone) provide important biostratigraphic data in
this Betic domain.
In addition, the fossils from the Middle Dome-
rian irse are well preserved with neomorphised shells,
sometinles ferrouginised, and a high percentage of pre-
served body chambers. Ammonoids of smaller size usu-
ally form part of the nuclei of large ferruginous oncoids.
The levels identified from the Lower Callovian and Up-
per Kimmeridgian shorv sisns of taphonomic remobili-
zation rvith numerous truncated ammonites and internal
moulds ,rlongside epigenized shells, which favours tapho-
nomic studies.
Paleontological heritage management: the case of Com-
munity of Murcia
The Service of Historical Heritage of the Govern-
ment of Murcia has pron.rpted a general proiect for the
definition and protection of the paleontological herit-
age of the province towards an adequate management
and prcservation of main paleontological values of the
region. Primary airns of this plan were: 1 - Definine the
legai reeulations needed for a proper study and protection
of the paleontoloeical heritase of the region. 2 - Produc-
ing a detailed inventory of fossil sites and collections. 3
- Such inventory should allow the establishment of a set
of main priorities of action, and a list of major risks :rf-
fectine the fossil sites. This would help defining realistic
strategies for protection and research, in order to re-ori-
ent the activities of uncontrolled an.rateur collecrors in a
correct direction, and to support the professional work
of paieontologists. 4 - Finally, to evaluate the available
means as regards the proper storage and exhibition of
paleontologicll collections.
In Spain, two laws arre regulating the protection
of paleontological sites. The first one is îhe Historical
Heritase Law (1985) and the second one is that of the
Conservation of Naturai Spaces and Wild Flora and Fau-
na (1989). Even though the execution of these laws was
transferred to the different Autonomous Conrnrunities,
their development and application have not been suitably
carried out. The legal frar.ìrework for the preservation of
paleontological heritage in the AutonomoLìs Community
of Murcia is still poorly developed. The only available legal
feature so far is the so-called "Good of Cultural Interesr".
The fossil association of the Sierra de Quibas, a paleon-
toloeical site from the Lower Pleistocene, was protected
as Good of Cultural Interest by the Cultural Departr.nent
in 1999 (Iniesta & Romero 2001). But this leeal fe:rture,
created by the Historical Heritase Law is, however, of
little use at a resional scale, so nsq' guidelines are being
produced by the Service of Historical Heritage rowards
an adequate management and preservation of n-rain pale-
ontological values of the region.
The realisation of the paleontological cartoeraphy is
the first step in evaluating the wealth and the distribution
of the sites to be protected. At present the "Paleontologi-
cal Map of the province of Murcia" is being updated. A
detailed file card has been produced to record precise site
information, nan-rely: geographical and seolosical descrip-
tion of site, fossil content, research data and evaluation
criteria for each fossil site. The paleontoloeical interest
has been established and defined on the basis of sroups
of criteria scientific, socio-cultural :rnd socio-economic.
\flhich to filter and evaluate paleontological sites uses rhis
heritage evaluation to quanrify the potential in.rportance
of an individual site or at least provide risorous objective
standards. At the same tinle, a computerised dat:rbase has
been established for the fossils fron.r Murcia, which are
in the collections of the different museums.
Contr;rry to what occurs in others Autonomous
Communities, in Murcia there is a paleonrologist em-
ployed in the administrative department in charee with
the preservation of paleontological heritage. Since 1995,
the Community of Murcia has financed ser,eral research
projects of localities and their fossils. It has executed the
protection of paleontoloeical sites (control of private and
public works, reserves, etc.) and it has financed specific
research projects for the study of conser-vation of the pale-
ontological heritase. For example, in Jumilla (N Murcia)
were founded well-preserved tracks of mammals in the
Upper Miocene sediments. First was the excavation, sec-
ond the restoration and protection, after the study and
the end the environmental reconstruction. At present a
protective hall covers the n-rammals tracks and this pal-
aeontological site is speciallv prepared to receive visitors
and to have guided tours. In this case, the Cultural De-
partn-ìent and City council of Jumilla have supported the
project. The purpose of this model of promotion of pale-
ontological heritage is to protect the patrimony and to get
economic resources from tourism attracted by it.
On the other hand, this year there will be three ex-
hibitions about paleontoloey. In Torre Pacheco with fos-
sil remains from Neanderthals, in Murcia capital where
there will be a larse exposition with paleontologic material
fron.r Murcia and other parts of the world, in Los Garres
with fossil remains from invertebrates of the Jurassic and
Cretaceous.
Finally, private cultural organisations and amateur
associations in order to spread the paleontoiogy among
the population are developine an important didactical
and social work.
Conclusions
The paleontoiogical interest of the areas described
is unquestionable for understanding the Jurassic in the
Betic Cordillera and even the Western Mediterranean Do-
main. The destruction of these outcrops due to the open-
ine up of quarries and roads, forestation works, not to
nention the uncontrolled search for fossils, means that
they must be protected and broueht under iegal control.
We stronely propose their inclusion in the "Paleonto-
lor:ical Map" which is at present being drawn up and the
application of paleontological protection measures ac-
cordins to the legal framework prevailing in the prov-
ince of Murcia.
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